Neovascular glaucoma is a secondary glaucoma that is developed due to improper control of glucose level in diabetic patients. This disease is highly complex to manage and can lead to permanent vision loss. Once this disease develops, early detection plays very important role to ophthalmologist to start treatment in order to reduce the visionlossprogression. Current detection techniques detect the glaucoma after 40% vision loss. In this research paper, the authors are presenting diagnosis of neovascular glaucoma using image feature fractal dimension. Fractal dimension is a unique parameter to identify healthy and neovascular retina. In this work, we are adapted Support vector machine for the classification of result. Result of our proposed method shows that Fractal dimension values found for the healthy retina is in the range of 1.20 to 1.70, whereas for neovascular glaucoma affected retina, it exceeds the upper limit.
INTRODUCTION
Neovascular Glaucoma (NVG), the word literally means building new vessels which causes ocular disorders. NVG is also called as Secondary Glaucomaand it is the severe state of glaucoma which may lead to permanent loss of vision if not treated in early stage.
The term neovascular glaucoma was proposed by Weiss in 1963. Earlier it was named as rubeotic, congestive and hemorrhagic glaucoma. This is caused due to the insufficient pumping of oxygen and glucose to the retina. As the result, body starts building new blood vessels in wrong places to keep the tissues alive. These new blood vessels block the aqueous outflow and these new blood vessels are accompanied by fibrous membrane result in peripheral anterior synechiae and progressive angle closure. This increases the intraocular pressure in eyes which may lead to blindness. The ocular diseases like neovascularization of iris (NVI) or neovascularization of angle may finally lead to neovascular glaucoma.
Unfortunately, neovascularization mainly affects small vessels. Detection of these small vessels is very difficult. Also, this technique was more laborious and error prone. Hence, in this paper we presented an appropriate method to detect small vessels which may lead to glaucoma. In Figure 1 , left image shows fundus image of healthy eye and right image shows the retina affected by neovascular glaucoma. This paper is organized by following sections. Section 1 presents the introduction of the neovascular glaucoma and its causes. Section 2 describes methods, such as blood vessels extraction, masking boundary of the retinal image and box counting fractal dimension procedure, used for estimation of fractal dimension. Section 3 reveals the result and discussion of present work. Section 4 presents the conclusion of research work followed by references. 
METHODS
This section describes the methods adopted to extract blood vessels and image features using fractal dimension in the A and B section respectivelly.
Blood vessels extraction
Kirsch templates of size 3x3 are adopted for the segmentation of Blood Vessels (BV) from fundus retinal digital image. Edge recognition is a process of categorizing the pixel values in order to obtain regular and abrupt changes. Usually result of edge recognition using Kirsch template is used to generate an image containing gray level pixels of value in between 0 to 255. The value 0 of pixel gray signifies a black pixel and the value 255 signifies a white pixel. Edge information of a particular and target pixel is verified by estimating the brightness level of the adjacent pixels. If there is no major difference in the adjacent pixel brightness levels then there is no option of edge in the retinal image. The depicted methods are the most common and fundamental approaches among all the available edge detection algorithms such as, Prewitt, Canny, Sobel etc. In this work Kirsch template method is adopted for the segmentation of BV from digital retinal fundus images. The Kirsch edge identificationmethod applies a single mask of size 3x3 and rotates it in 45 degree increments through all eight directions as shown in Figure 2 .
Figure 2: Kirsch template
The edge level of the Kirsch operator is estimated as the outmost level across all direction. The matrix includes the information of a pixel and it'sadjacent. The Kirsch method distinguishes direction of the edge as well as an edge. Therefore, there are 8 possible directions such as south, east, north, west, northeast, southeast, southwest and northwest as shown in Figure 2 . Out of the various templates, the prime one is considered for the output value and later the edges are segmented. Kirsch template can set and reset the threshold values to obtain most suitable edge of images. Kirsch template also works fit for images having obvious difference between the foreground and background. Since the retinal blood vessels can be considered as diagnostic parameter in fundus retinal digital images. Therefore, for the extraction of Kirsch method is efficiently adopted.
Fractal Dimension
Fractal dimension is a statistical quantity that indicates how completely geometric figure (each part of which as the same statistical character as the whole) fills the space when viewed at finer scales. The fractal dimension is given by the formula It is an effective measure to extract features of complex objects and surfaces such as coastlines, mountains, clouds and texture.
Many methods have been developed for estimating fractal dimension. Typically we are considering two methods


Spectral analysis

Box counting
Spectral analysis: it is generally implemented as fast Fourier transformation to image and obtains the coefficient and mean of the spectral energy density. By using spectral analysis the fractal dimension can be estimated by analyzing the power law dependency of spectral energy density and square size.
Box counting:
It is a method of gathering data for analyzing complex patterns by breaking a dataset, object, image, etc. into smaller and smaller pieces, typically "box"-shaped, and analyzing the pieces at each smaller scale. Box counting is the most frequently used method for determining fractal dimension. The objects are partitioned into boxes of certain size. The ratio r in equation is to decide the box size. The task of box counting method is to count the total number of boxes that are needed to form the object. The fractal dimension of the equation can be estimated from the least square linear fit of versus . Here, the counting is for different scaling ratio r. In box counting algorithm, the database or images are first zoomed in or out using optical or computer based method to examine how observations of the images changes with scale. Initially we assigned it with different scale values for datasets or images. In this method, instead of changing the magnification or resolution of a lens the algorithm changes the size of the element used to inspect the object. Figure 3 describes the feature extraction from healthy and unhealthy retinal images. In step 1 color fundus image is given as input to the software later converted into grayscale image. In step 2 boundary of retinal image is masked. In step 3 the grayscale image is converted into binary image using MATLAB im2bw function. In step 4 the fractal dimension feature are extractedusing box counting algorithm. 
RESULT AND DISCUSSION
This section describes the simulation obtained from the healthy retinal fundus images and neovascular fundus retinal images. Fractal dimension and retinal blood vessels extraction algorithms were implemented in MATLAB_13 software. Digital retinal imaging play more and more outstanding role in the identification and treatment of an eye diseases and obtaining of clinically helpful information has become central task. The retinal vasculature analysis using fractal dimension method helps to define the characteristics and extent of diseases like diabetic retinopathy, glaucoma, neovascular glaucoma etc. That will assist to detect and providetreatment for the disease. Consequently, extraction of these features from the retinal fundus images becomes a key challenge for proper analysis, visualization and quantitative comparison. This has been the main focus of this paper that is extraction of blood vessels from digital fundus retinal images. In this work 25 healthy digital retinal images and 25 neovascular retinal images are employed to estimate the method. Some of the images were discarded by ophthalmologists prior to the diagnosis. These images were included in the database to verify the robustness of the developed technique. Image preprocessing was performed in order to enhance the quality of retinal images before subjected to extraction of the blood vessels. After the enhancement of the color retinal image, they are converted into grayscale image using rgb2gray scale image function. By using kirsch template algorithm it segments the blood vessels in the retinal image. For each image in the database fundus mask was detected, that facilitated the detection of vessel pixels within the region of Figure 5 (a) and all retinal images converted into gray scaled images are shown in Figure 5(b) , then gray scaled images processed by kirsch's templates and the segmented blood vessels through edge detection technique are shown in Figure  5 (c) and Figure 5(d) describes outer boundary of retinal image masked and retained only blood vessels for the analysis, Figure 5 (e) shows the estimated fractal dimension i.e., FD =1.9345. Figure 6 represents the fractal dimension values of healthy retinas (Blue stars) and neovascular retinas (red circles). It is observed that healthy retinal fractal dimension in the range of 1.20 to 1.70, whereas for neovascular retina above 1.70 to 1.99, because neovascular retina has higher rough surface due to abnormal growth of blood vessels. Hence fractal dimension of unhealthy retina (neovascular retina) is higher as compared to healthy retina. This relates concept of fractal dimension theory. Table 1 shows the fractal dimension values of healthy and unhealthy retinas for 25 images each. Table 2 depicts first order statistical data like min, max, mean, range, mode, median, standard deviation etc. for healthy and unhealthy retinal eye images. 
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CONCLUSION
Detection of neovascular glaucoma still remains as a challenging task, despite of much advancement in the treatment. Early detection of neovascularization and providing adequate treatment may prevent a visual loss outcome of this disease. Once intraocular pressure increases, successful management of the disease may be very complex. Hence neovascular glaucoma detection in the early stage using proposed image analysis technique paly the major role in prevention of vision loss. Here, Blood vessels extracted from the fundus retinal images are then adapted by box counting fractal dimension method for extraction of image feature. These feature fed to SVM for classification of healthy and unhealthy retina. This method is automatic and loss effective
